INTRODUCTION
Gestational diabetes mellitus (GDM) is defined as a condition of glucose intolerance that begins or first recognized during pregnancy. 1, 2 The incidence of GDM is rising, parallel to the increase in maternal age, type II diabetes and obesity prevalence. 3 The Hyperglycemia and adverse pregnancy outcomes (HAPO) study confirmed that hyperglycemia in pregnancy increases the risk of adverse maternal, fetal and neonatal outcomes. 4, 5 Diagnosing women with GDM early provides the opportunity to reduce adverse event rates, as shown in two studies: the Australian carbohydrate intolerance study in pregnant women (ACHOIS) and the Maternal-Currently, most guidelines recommend an oral glucose tolerance test (OGTT) between 24 and 28 gestational weeks as the method of diagnosis for GDM. [12] [13] [14] [15] [16] According to the definition, GDM can develop at any time during pregnancy; however, most GDM cases are diagnosed after 24 weeks. Following diagnosis, proper management (glycemic monitoring, lifestyle changes, nutritional counseling, exercise and insulin use if appropriate, etc.) of GDM in pregnant women will be beneficial in controlling maternal and neonatal short-term complications.
However, offspring of mothers with GDM are still at a higher risk for developing diabetes, obesity and metabolic disorders in the long term. [17] [18] [19] [20] One potential reason is that these offspring were exposed to maternal hyperglycemia prior to diagnosis. Therefore, current guidelines have noticed that early diagnosis of GDM may improve maternal, fetal and neonatal outcomes. Although most of the guidelines recommend an OGTT at 24-28 gestational weeks, none provided robust evidence for the reason behind this time point.
The current study aims to determine the value of firsttrimester CRP measurement as a screening test for GDM.
METHODS

Inclusion criteria
• The study included all healthy pregnant women attending the Antenatal care clinic in Women Health Hospital, Assiut, Egypt over a period of 12 months from January to December 2017.
Exclusion criteria
• Patients were excluded if they had any of the following: preexisting chronic medical conditions that may affect acute phase markers, including DM, polycystic ovarian syndrome, collagen vascular diseases, inflammatory bowel disease, and preeclampsia. • Moreover, those on current use of corticosteroids were also excluded.
The institutional ethical review board approved the study protocol and all women signed a written consent before participation in the study.
Study tools: Authors included 496 healthy pregnant women reporting for antenatal care in the first trimester during the first prenatal visit, (which was typically between 10-and 12-weeks' gestation) they were tested for presence of CRP in blood, in addition to the standard antenatal tests. Complete history and examination had been done to exclude any case having disease affecting CRP. Non-fasting serum samples collected at the conclusion of the first prenatal visit from women who provided informed consent to participate in the study.
Specific GDM risk factors were assessed including age, ethnicity, personal history of GDM, previous delivery of macrosomic infant and family history of GDM or macrosomic infant or type 2 DM. Baselines data collected include age, past medical and obstetric history, medications, smoking and blood pressure. Blood pressure, urine analysis and other laboratory tests results recorded at each subsequent prenatal visit.
CRP was tested by the latex agglutination semiquantitative test kit. This test kit is standardized to detect CRP concentrations of approximately 6 mg/L or higher in undiluted serum samples (positive test). All women without a history of antenatal type 1 or type 2 diabetes undergo routine GDM screening with the 50-g oral glucose-loading test (GLT) between 24 and 28 weeks 'gestation, however any case discovered later on during routine antenatal care included in the study.
In the non-fasting state, subjects consume 50 g of oral glucose beverage and glucose levels will be assayed in 1h post-loading plasma samples. Women whose 1-h postloading plasma glucose level >7.8 mmol/l (> 140 mg/dl) had been considered to be at increased risk for GDM and undergo a diagnostic, fasting,100-g, 3-h oral glucose tolerance test (OGTT) within 1-2 weeks following the GLT. Glucose levels assayed in baseline fasting plasma samples and in three post-challenge plasma, samples collected at 1-h intervals. The 100-g OGTT performed in the morning after overnight fast. Venous blood samples drawn at baseline and 60, 120, and 180 min. following ingestion of a standard 100-g glucose load.
Glycemic status
The OGTT stratifies participants into three glycemic tolerance groups:
1. GDM, as defined by the National Diabetes Data Group (NDDG) criteria (requires at least two of the following: fasting glucose, >5.8; 1 h post-challenge (pc) glucose, >10.6; 2 h pc, >9.2; or 3 h pc, >8.1mmol). 2. Impaired glucose tolerance (IGT), as defined by NDDG criteria (requires one of above GDM criteria); and 3. Normal glucose tolerance (NGT), defined as subjects not meeting any of the GDM or IGT criteria.
Statistical analysis
Date entry and data analysis were done using SPSS version 22 (Statistical Package for Social Science). Data were presented as number, percentage, mean, standard deviation and median. Chi-square test and Fisher Exact test were used to compare between qualitative variables. Mann-Whitney test was used to compare quantitative variables between two groups. Spearman correlation was done to measure correlation between quantitative variables in case of non-parametric data. Med-Calc
Program was used to calculate sensitivity, specificity, PPV, NPV, accuracy and AUC. P-value considered statistically significant when p < 0.05.
RESULTS
A total of 508 women were eligible for the study. Four women were excluded as they were lost to follow-up (due to choice of prenatal care in a different hospital). An additional eight women were withdrawn as they experienced pregnancy loss before reaching week 24. Finally, 496 pregnant women were recruited for the statistical analysis. Among these 496 women, a total of 27 women (5.4%) met the ACOG criteria and were diagnosed as GDM and 10 women (2.0%) were diagnosed as IGT at week 24-28. There was a statistical significant difference at age, gravidity, parity, number of previous abortions and consanguinity between GDM cases and normal cases. GDM was more likely to develop in older age, higher gravidity, multiparity and those with recurrent abortions ( Table 2) . Table 3 shows a statistical significant difference between cases of GDM and normal cases at all risk factors including family history of DM, past history of macrosomic baby, past history of IUFD, past history of neonatal death and past history of GDM (p=.000). On the other hand, there was no statistical significant difference between cases of GDM and cases of IGT at all risk factors. Table 4 shows a statistical significant difference between GDM cases and normal cases at the rate of The results of urine analysis, GLT and GTT at the second visit were presented in Table 5 . There was a statistical significant higher rate of glucosuira in GDM and IGT cases versus normal cases (p=0.000 and 0.005 respectively). The results of GLT and GTT were significantly higher in GDM cases than IGT cases. CRP was positively strong correlated with GLT (r=0.767, p=0.000) and moderately correlated with GTT 1 and 2 (Table 6 ).
According to ROC curve analysis, the sensitivity of CRP is 86.49%, specificity 98.47%, accuracy 97.58% and area under curve (AUC) is 0.930 at cut-off > 5 for detection of GDM (Figure 1 ).
DISCUSSION
CRP in the first trimester is associated with subsequent development of GDM in pregnancy. Performing CRP in the first trimester is easy and can help identify patients who have a high risk of later developing GDM. Early intervention for these patients may lead to a good perinatal outcome. The present study revealed significant differences in qualitative and semi quantitative serum CRP levels between the cases of GDM as compared to normal cases (p<0.0005), and that diagnostics strength of qualitative serum CRP was acceptable. Present study was in accordance with the findings of Li et al, Liu et al and Rota et al. [21] [22] [23] In their study they found that serum CRP level was higher in the women with GDM as compared to normal pregnant women. Qiu et al and Myles Wolf et al also found that CRP was higher in patients of GDM compared to normal pregnant women. 24, 25 In the patients of GDM, there is increased expression of genes for chronic stress and inflammatory pathways. This leads to increase in production of CRP. 26 A study by Ahi et al found also quantitative CRP test is acceptable in predicting gestational diabetes. 27 On the contrary, a study by Mohan, 2006 found that CRP in early months as an inflammatory marker is not a dependable screening test for gestational diabetes developing in later months of pregnancy, however this study applied only on 91 women. 28 In GDM, TNF-α is another inflammatory marker was found to be strongest predictor of insulin resistance in pregnancy. 29 This TNF-α is responsible for production and release of CRP from the liver. 30 GDM show features of insulin resistance and it has been proved by many studies that CRP level is increased in insulin resistance syndrome. 31 Despite 4 decades of research, a general consensus has not been reached about optimal approach to screening for gestational diabetes. The important challenge is in the choice between general or elective screening, and also diagnostic threshold of GCT. 32 Cunningham et al reported sensitivity and specificity of GCT test in screening for glucose with 140 mg/dl threshold were: 80% and 82-86% respectively, and with 130 mg/dl threshold, 90% and 75-80%, respectively. 32 In the present study, the sensitivity and specificity of CRP test were found to be 86.49% and 98.47%, respectively. Positive and negative predicting values of qualitative CRP test in predicting gestational diabetes were estimated at 82.1% and 98.9%, respectively, without considering any gestational diabetes risk factors, which is indicative of acceptable diagnostic strength. Area under the curve was found 0.930. In a study by Syngelaki et al reported in pregnancies that develop GDM no evidence of an inflammatory response at 11-13 weeks' gestation and the levels of serum TNF-á and Hs-CRP are not useful in firsttrimester screening for GDM. 33 In another study by Corcoran et al., 2016 reported that higher levels of CRP were significantly associated with macrosomia but hS-CRP did not demonstrate additional predictive ability for GDM. 34 Finally, following further and more comprehensive studies to assess diagnostic strength of serum CRP in pregnant women at risk of GDM, use of CRP test can be considered in pregnant women qualified for gestational diabetes risk factors, as a new, fast and reliable screening test.
CONCLUSION
In this prospective study authors identified an association between first-trimester inflammation, marked by increased CRP levels, and subsequent risk of GDM. CRP could be a useful screening test in the first-trimester for prediction of GDM.
